Abstract-Speech understanding in noise declines with age, even in older subjects with normal hearing (ONH). These agerelated declines could reflect reductions in phonological processing ability or impairments in semantic and lexical processing required for sentence understanding. In experiment 1, we used the California Syllable Test (CaST) to examine age-related changes in the ability of subjects to identify consonants in consonant-vowel-consonant syllables in noise. ONH subjects showed impaired performance in comparison with younger subjects with normal hearing, particularly for hard-to-identify consonants, but otherwise showed similar influences of consonant position, lexicality, and vowel nuclei. Regression analyses showed that CaST performance was independently affected by both age and audiometric thresholds. In experiment 2, we examined sentence reception thresholds (SeRTs) using the Quick Speech in Noise Test and Hearing in Noise Test. No significant age-related changes in SeRTs were observed for either test. SeRT preservation in ONH subjects appeared to reflect the ageresistant ability to identify easy consonants in noise as well as intact top-down contextual and lexical processing. These results establish benchmark values that can be used to evaluate the success of audiological rehabilitation in older subjects with hearing impairment.
and/or with perceptual training [11] . The appropriate target for OHI subjects is to restore their speech comprehension to age-normal performance levels observed in older subjects with normal hearing (ONH). Hence, the careful measurement of speech comprehension in noise in ONH subjects is necessary to provide a reliable benchmark against which the success of audiological rehabilitation can be measured.
A number of studies have suggested that phonological processing in noise is impaired by advancing age [12] [13] [14] . For example, Gelfand et al. used the City University of New York Nonsense Syllable Test to examine consonant discrimination in younger and older subjects with audiometric thresholds better than 25 dB at 250 to 8,000 Hz [15] . They found significant differences in performance between the younger (20-49 yr) and older (60-69 yr) subject groups despite similar patterns of consonant confusions. The differences persisted after factoring out individual pure-tone thresholds in the 250 to 4,000 Hz range but were correlated with thresholds at 8,000 Hz, suggesting that subtle changes in hearing acuity contributed to consonant identification deficits, even in older adults with virtually normal thresholds.
In experiment 1, we used the California Syllable Test (CaST) [16] [17] to compare consonant identification in younger subjects with normal hearing (YNH) and ONH subjects. The CaST measures the signal-to-noise ratio (SNR) required to identify consonants in consonantvowel-consonant (CVC) syllables presented in speech spectrum noise. It uses the signal detection measure d to quantify the SNRs necessary to identify each of 20 leading and 20 trailing consonants. In previous studies, we demonstrated that consonants differ substantially in the SNRs required for their identification [16] . Group A consonants (/ʃ/, /ʧ/, /t/, /s/, /z/, /ʤ/, and /r/) in isolated syllables are accurately identified at SNRs near 0 dB, i.e., similar to the SNRs obtained in sentence reception threshold (SeRT) testing of YNH subjects. Group B consonants (/d/, /g/, /l/, /m/, /n/, /f/, and /k/) are accurately identified at SNRs that are 4 to 10 dB above SeRTs, suggesting that the identification of these consonants may make some contribution to sentence comprehension at SNRs that characterize SeRTs. Finally, group C consonants (/b/, /v/, /ð/, //, //, /p/, and /h/) are identified at SNRs that are 10 to 40 dB above SeRT SNRs and therefore likely make minimal contributions to sentence comprehension using existing SeRT instruments.
Previous studies have found age-related decrements in consonant identification when consonants are presented in nonsense syllables [8, 12, 15, 18] . However, Dubno et al. found no overall age-related changes in word recognition in audiometrically matched subjects ranging in age from 55 to 84 yr, suggesting that agerelated deficits in consonant identification may not be evident for lexically meaningful tokens [19] . Because the CaST contains both words and nonsense syllables, it permits a comparison of the effects of lexicality on consonant identification in ONH and YNH subjects.
In experiment 2, we evaluated higher-level semantic processing using two SeRT measures: the Quick Speech in Noise Test (QuickSIN) [20] and Hearing in Noise Test (HINT) [21] . Greater age-related decrement in SeRTs than in CaST thresholds would suggest age-related impairments in higher-level semantic processing. In contrast, greater decrements in CaST thresholds than in SeRTs would suggest that ONH subjects were able to compensate for age-related declines in consonant processing through enhanced reliance on alternative vowel and semantic cues.
METHODS

Subjects
Sixteen ONH subjects (14 female, age 60-79 yr, thresholds 25 dB hearing level at 250-4,000 Hz) and 16 YNH subjects (21-33 yr) participated. Each subject underwent three testing sessions over 3 to 11 d. The results from the YNH subjects have been reported in detail elsewhere [16] [17] . Figure 1 shows the audiograms for the subject groups. All subjects had symmetric thresholds in the two ears (i.e., within 10 dB). We obtained low-frequency pure-tone average (LPTA) thresholds by averaging thresholds at 250, 500, 1,000, 1,500, and 2,000 Hz. We obtained high-frequency pure-tone average (HPTA) thresholds by averaging thresholds at 3,000, 4,000, 6,000, and 8,000 Hz. Not surprisingly, although still within the range of normal hearing up to 4,000 Hz, the ONH subjects had somewhat poorer audiometric thresholds than the YNH subjects, particularly at higher frequencies (Figure 1) . For example, relative to the mean of YNH subjects, ONH subject threshold elevations averaged 3.6 dB for the LPTA (standard deviation [SD]: 3.6 dB; range: 1.75 to 9.25 dB) and 15.6 dB for the HPTA (SD: 9.3 dB; range: 1.6 to 34.6 dB). There were significant correlations between age and LPTA (r = 0.53, p < 0.002) and age and HPTA (r = 0.69, p < 0.001). There was also a strong correlation between LPTA and HPTA (r = 0.68, p < 0.001).
Syllable Tokens
The CaST [16] [17] includes 1,200 CVC syllables containing 20 leading consonants, 20 coda consonants, and 3 vowels (//, /ɪ/, /u/) that are exhaustively combined to create 1,200 different tokens (20 × 3  20) . Nineteen of the consonants (/p/, /t/, /k/, /f/, //, /s/, /ʃ/, /ʧ/, /b/, /d/, /g/, /v/, /ð/, /z/, /ʤ/, /m/, /n/, /l/, and /r/) occur in leading and coda syllable positions, /h/ occurs only as a leading consonant, and // only as a coda. Two recordings of each syllable were obtained from four phonetically trained talkers, creating a corpus of 9,600 CVCs. For each token, the central 100 ms vowel segment was identified by manual inspection.
Noise Adjustment
We used dynamically adjusted, speech-spectrum noise to mask leading and coda consonants. We obtained individual noise spectra from each talker, and 100 different 1,200 ms noise segments were generated and randomly sampled during test sessions to mask spoken CVCs.
Procedures
We performed testing in a single-walled, soundattenuating room. The interior walls were covered by 2.5-cm acoustic foam, reducing ambient third-octave noise levels to less than 20 dB sound pressure level (SPL) from 250 to 4,000 Hz. We presented soundfield stimuli through loudspeakers (AV 40, M-Audio; Irwindale, California) spaced 1.16 m in front of the subject at ±42° angles. Prior to testing, we trained subjects in identifying unmasked CVCs.
We presented CVCs from each talker in blocks of 30 trials. We controlled stimulus delivery, dynamic masking-noise-level adjustment, response recording, and d calculations using Presentation  software (Neurobehavioral Systems, Inc; Albany, California). We presented a tone cue (100 ms 1.0 kHz tone, 70 dB SPL) prior to the onset of each trial (Figure 2) . Two independent selected talker-specific noise bursts (1,200 ms duration) were then presented from the two loudspeakers. The CVC was then presented through both loudspeakers after a random noise-to-CVC delay. An investigator transcribed responses and queried the subject via intercom when responses could not be scored. Response transcription occurred during the intertrial interval (approximately 2.5 s) so that each 720-syllable test required 48 to 60 min.
Syllable intensity randomly varied from 70 to 75 dB SPL in 1 dB steps. We measured identification accuracy for each consonant at three consonant-specific SNRs: B (baseline), B -6, and B +6 dB using B SNRs obtained in previous experiments [17] . We randomized SNRs from trial to trial.
During each test session, 720 CVC tokens were pseudorandomly selected from the syllable corpus of 9,600 tokens such that each leading consonant and coda was presented 36 times. Selection was constrained so that each consonant was presented equally at each SNR, with each of the three vowels (//, /ɪ/, /u/) and with equal representation of tokens from each of the four talkers. Because vowel errors were rare, we scored only consonant identification. Trial structure. Trials were cued by 1.0 kHz tone. After 1.0 s, two independent 1,200 ms noise bursts were presented through left and right loudspeakers. Consonant-vowel-consonants (CVCs) were presented simultaneously through both loudspeakers at random intervals after noise burst onset. Noise amplitudes were linearly adjusted over 100 ms interval during midvowel segment of CVC to provide appropriate masking levels for different leading and coda consonants. 
Performance Measures
We used signal-detection measures to quantify consonant identification performance. B SNRs for each leading and coda consonant had been previously adjusted so as to equate the identifiability of different consonants, producing a mean d of approximately 2.20 (~65% correct) in the control YNH subjects [17] . Additional small adjustments had been incorporated to equate the identifiability of tokens spoken by different talkers and containing different vowels. We increased B SNRs by 3.0 dB when presented to the ONH subjects. Table 1 shows SNRs for specific consonants. They averaged 9.6 dB for leading consonants and 12.9 dB for coda.
Statistical Analysis
We analyzed the data with multifactorial repeated measures analysis of variance (ANOVA) using CLEAVE (Human Cognitive Neurophysiology Laboratory, East Bay Institute for Research and Education; Martinez, California). We used corrections for heteroscedasticity when appropriate [22] . Because of the large number of comparisons, we initially evaluated age-related changes at a strict criterion (p < 0.01). We supplemented ANOVAs with partial Pearson correlation analyses [23] in order to identify relationships between aging, audiometric thresholds, and consonant identification performance. Figure 3 shows the age-related differences in SNR thresholds for different consonants. Overall d levels in the ONH group averaged 2.19, an insignificant difference with YNH subjects (d = 2.30, F(1,30) = 2.77, p < 0.11). We analyzed group differences in dB SNR for the 19 consonants that appeared in both leading and coda position using age (young vs old), position (leading or coda consonant), and consonants as factors. There was a significant main effect of age (F(1,30) = 24.63, p < 0.001) because mean SNR thresholds were increased by an average of 3.1 dB in the ONH subjects. There was also a highly significant main effect of position (F(1,30) = 353.34, p < 0.001) because SNRs were 3.2 dB lower for leading than for coda consonants. However, we found no significant age  position interaction. There was also the expected main effect of consonant (F(1,30) = 616.90, p < 0.001) because mean consonant thresholds varied by more than 42 dB.
RESULTS
As shown in Figure 3 , there was also a significant age  consonant interaction (F(18,540) = 16.98, p < 0.001) that reflected different age-related threshold elevations for different consonants. Further comparisons showed that significant age-related threshold elevations occurred for all but three consonants (/ʧ/, /ʃ/, and /r/). We observed age-related elevations in consonant thresholds that exceeded 6.0 dB for four consonants (/f/, //,/ð/, and //). SNR averaged over groups = 0.14 dB), by 2.54 dB for group B consonants (mean SNR = 10.46 dB), and by 6.14 dB for group C consonants (mean SNR = 20.15 dB). Thus, consonant identification thresholds were disproportionately increased for group C consonants, i.e., those consonants that required the highest SNRs for their identification.
We used correlation analysis to further explore relationships between age (in years), audiometric thresholds, and CaST performance. Audiometric thresholds correlated significantly with CaST performance. The LPTA was significantly correlated with thresholds for each consonant group (group A: r = 0.50, p < 0.003; group B: r = 0.59, p < 0.001; group C: r = 0.61, p < 0.001). We found even larger correlations between HPTA and consonant group thresholds (group A: r = 0.64, p < 0.001; group B: r = 0.70, p < 0.001; group C: r = 0.71, p < 0.001). Age also showed significant negative correlations with consonant thresholds for group A (r = 0.64, p < 0.001), group B (r = 0.71, p < 0.001), and group C (r = 0.64, p < 0.001) consonants. Importantly, when the contributions of the audiogram (LPTA and HPTA) were partialled out, significant negative correlations persisted between age and consonant thresholds for group A (r = 0.35, p < 0.05) and group B (r = 0.41, p < 0.01) consonants, but failed to reach significance for group C consonants (r = 0.27, p < 0.07).
Consonant Confusions
Tables 2 and 3 present the confusion matrices for leading and coda consonants from the ONH subjects at SNRs that were 3 dB above those used for YNH subject testing. These SNRs were used in ONH subject testing and effectively equated overall d performance in the two groups. Confusion matrices for YNH subjects can be found in Woods et al. [17] . Consistent with Gelfand et al.'s [15] observations, we found that consonant confusions were generally similar in the ONH and YNH groups. Table 2 .
Confusion matrices from older subjects with normal hearing for leading consonants averaged across subjects, signal-to-noise ratios, and voices. Each consonant was delivered on 1,728 trials. Rows are stimuli and columns are responses. Table 3 . Confusion matrices from older subjects with normal hearing for coda consonants averaged across subjects, signal-to-noise ratios, and voices. Each consonant was delivered on 1,728 trials. Rows are stimuli and columns are responses.
in both subject groups using barycentric clustering [17] . Consonants were initially placed in equidistant positions around a unit circle based on voicing, manner, and place features using the optimized a priori consonant ordering shown in Tables 2 and 3 . Unvoiced and voiced consonants were initially positioned on left and right sides of the circle, connected at the bottom across the voiced and unvoiced affricates, and connected at the top across voiced and unvoiced plosives. Then the location of each consonant was modified as an average of its initial position and weighted by its hit rate and the position of every other consonant weighted by the frequency of false responses to that consonant. We used two movement iterations to generate the cluster plots shown. As a result of these iterations, each consonant was displaced from its initial position toward the locations of consonants with which it was confused (dotted lines in Figure 5 ). Consonant pairs producing the most frequent confusions (top 12.5%, corresponding to total bidirectional confusion rates in excess of approximately 6% of hits) are connected by solid gray lines. The age-related differences seen in these barycentric plots primarily reflect the poorer processing of difficult consonants by the ONH subjects. ONH subjects had more difficulty discriminating /f/ and // from plosives (particularly /b/ for leading consonants and /p/ and /t/ for coda consonants). This resulted in the displacement of the /f/-// pair away from the circumference as well as an increased incidence of confusions between this consonant pair and plosives. ONH subjects also more commonly confused the /ð/-/v/ pair with each other (indicated by their closer apposition on the plots, particularly for coda consonants) and made more confusions between this consonant pair and other consonants (i.e., moving them farther away from circumference, particularly for leading consonants). In contrast, affricates and sibilants were less frequently confused with other consonants by the ONH subjects (particularly in coda position) and so remained closer to the circle circumference.
Vowel Effects
The influences of vowels on the identification of individual consonants in ONH subjects are shown in Figure 6 and are similar to vowel effects on consonant identification in YNH subjects shown in Woods et al. [17] . ANOVA performed on d scores with age, vowel, position, and consonant as factors showed no significant main effect of vowel (F(2,60) = 2.00, not significant [NS]) or position (F(1,30) = 0.01, NS). However, there was a significant vowel  position interaction (F(2,60) = 102.89, p < 0.001) because leading consonants were more accurately identified in CVCs containing //, and coda consonants were identified more accurately in CVCs containing /ɪ/ and, to a lesser extent, /u/. There was also a highly significant consonant  vowel interaction (F(36,1080) = 80.30, p < 0.001) that reflected the fact that some consonants were better identified with certain vowels than with others (e. g., nasals were better identified with // than /i/). Finally, Figure 6 shows a consonant  vowel  position interaction (F(36,1080) = 21.93, p < 0.001) that reflected differences in consonant/vowel preferences for leading and coda consonants. Interestingly, the effects of vowels on consonant processing were similar in ONH and YNH subjects: age  vowel (F(2,60) = 1.53, NS), age  vowel  position (F(2,60) = 3.42, p < 0.08), and age  vowel  consonant interactions (F(36,1080) = 1.63, NS) all failed to reach significance.
Learning Effects
One possible explanation for the improved performance of YNH subjects is that they learn more effectively than ONH subjects over successive testing sessions. Figure 7 shows the performance of the ONH subjects across the three test sessions. A comparison of learning effects in ONH and YNH subjects, with age and session as factors, showed that d improved significantly over test sessions (F(2,60) = 21.07, p < 0.001) without a significant age  session interaction (F(2,60) = 1.13, NS). Thus, the learning-related improvements across sessions were similar in ONH and YNH subjects.
Lexicality Effects
Consonant identification is more accurate in words than nonsense syllables for YNH subjects [16] . If ONH subjects showed reduced lexicality benefits, it would contribute to age-related differences in overall consonant identification thresholds. We therefore performed an ANOVA with age, consonant, position, and lexicality as F(1,30) = 118.9, p < 0.001). In addition, there was a significant lexicality  consonant interaction (F(18, 540) = 6.14, p < 0.001), indicating that the word-advantage was not uniform for different consonants [16] . There was also a lexicality  position interaction (F(1,30) = 6.51, p < 0.02) because the word advantage was larger for leading than for trailing consonants. Importantly, the effects of lexicality were similar in ONH and YNH subject groups: the age  lexicality (F(1,30) = 2.29, NS) and age  lexicality  position interactions (F(1,30) = 0.18, NS) failed to reach significance.
DISCUSSION
We found that ONH subjects showed age-related decrements in consonant identification performance that could not be completely explained by audiometric differences with the YNH group. Thus, our results replicate and extend the results of Gelfand et al., who found that aging produced a deterioration in consonant identification [15] . Aging significantly impaired consonant identification independent of age-related changes in audiometric thresholds, as in previous studies [4] . Agerelated reductions in consonant identification have been related to a reduced ability to analyze consonant features [24] without alterations in masking functions [25] .
Increased difficulty in word identification has previously been reported in older subjects [9] and persists after factoring out the contribution of age-related differences in audiometric thresholds [19] . Here, we found that consonant identification was similarly affected by age in both words and nonsense syllables. We also found that agerelated changes disproportionately impaired the identification of difficult consonants and, as a result, produced alterations in consonant confusion patterns. Other qualitative aspects of consonant identification, including the effects of vowels and learning, were similar in ONH and YNH listeners.
Age-related changes in consonant identification ability were found to persist after factoring out audiometric measures and therefore appear to reflect alterations in central auditory processing independently from hearing acuity. Age-related impairments in more basic auditory processes, such as the utilization of binaural cues [26] , frequency discrimination [27] [28] , and the discrimination of fine temporal features of stimuli [28] [29] , have also been suggested to reflect changes in central auditory processing. Age-related changes are also found in physiological responses [7, 30] , including slowed transmission of auditory signals in the brainstem [31] and acoustic radiations [32] . Magnetic resonance imaging (MRI) studies reveal age-related reductions in the myelination and the packing density of fiber tracts [33] . Moreover, in functional MRI studies, regions of auditory cortex implicated in phonological processing [34] show age-related reductions in activation magnitude and reduced cortical volume [35] .
Age-related elevations of consonant thresholds differed significantly for different consonants and appear to reflect two factors: (1) increased noise in the auditory systems of ONH listeners that impairs the processing of all consonants and (2) losses in high-frequency hearing that disproportionately impair group C consonant identification. An age-related increase in internal noise was reflected in an increase in the SNR needed to equate consonant d in ONH and YNH listeners. If the increased internal noise were similar for all consonants, the SNR increase required to equate performance in YNH and ONH subjects would vary with the rate of change in performance (in d/dB) that characterizes each consonant. Thus, an identical loss in d sensitivity would produce a smaller dB SNR change for a consonant with a steep performance/intensity (P/I) function than for a consonant with a shallow P/I function. Regression functions: regression function showing relationship between performance/intensity slope for different consonants and age-related dB signal-to-noise (SNR) ratio threshold difference for each of 19 consonants that occurred in both leading and coda syllable positions. Values have been averaged over leading and coda consonants. ONH = older subjects with normal hearing, YNH = younger subjects with normal hearing.
of age-related threshold increases as a function of the d/dB for the 19 consonants that occurred in both syllable positions. There was a strong correlation between age-related SNR threshold elevations and d/dB slopes (Pearson r = 0.80). The regression line fit the data well for 16 of 19 consonants. For these 16 consonants, age-related threshold elevations were well predicted from the consonants' d/dB slopes. This implies that age-related increases in internal noise are relatively constant for most consonants (approximately 0.35 d units). In contrast, thresholds elevations for three consonants, /ð/, //, and /f/, fell well outside the regression function. These low-intensity fricatives showed additional impairment in ONH subjects that likely reflects age-related reductions in high-frequency hearing sensitivity.
INTRODUCTION: EXPERIMENT 2
In addition to causing difficulties in consonant identification, aging may cause neuroanatomical [36] and cognitive changes that further disrupt top-down sentence comprehension [37] [38] . For example, sentence comprehension in noise may be impaired as a consequence of age-related decrements in processing speed [39] , auditory stream segregation [40] , and auditory memory [41] [42] [43] . A number of studies have found small age-related increases in SeRTs in ONH subjects [2, 37, [44] [45] [46] . However, other studies have failed to find age-related elevations in SeRTs [19] . For example, Rajan and Cainer found no age-related SeRT elevations when sentences were presented with noise maskers [47] and Tun et al. found intact sentence comprehension in older subjects despite increased response latencies [48] . In experiment 2, we examined age-related changes in SeRTs with the QuickSIN [20] and HINT [21] .
METHODS
Subjects
All subjects in experiment 1 participated in experiment 2.
Sentence Reception Threshold Testing
On each day of testing, we measured sentence comprehension using the HINT [21] and the QuickSIN [20] . As in our previous studies [49] , HINT and QuickSIN sentences were delivered through the loudspeakers at 70 dB SPL with varying levels of masking noise.
We measured four independent HINT thresholds on each test day, one threshold for each of four 20-sentence lists. Each measurement began with the first sentence presented at 6 dB SNR. The SNR was then reduced by 4 dB until the first incorrect report, at which point the SNR was increased by 4 dB. Thereafter, SNRs were increased by 2 dB following each incorrect report and decreased by 2 dB following each correct report. The average SNR over the last 16 sentences of the list determined the SNR for the list. We averaged SNRs for the four lists to determine the mean daily threshold.
For each QuickSIN list, six sentences were delivered in four-talker babble at progressively lower SNRs. Each sentence has five key words and the SNR for the list is determined from the total number of key words understood correctly. We computed mean daily QuickSIN thresholds from six independent QuickSIN lists.
We randomized the order of presentation of the three different sets of HINT and QuickSIN sentences across subjects. We used unique HINT and QuickSIN sentence lists on each day of testing so that no sentences were repeated across testing days.
Statistical Analysis
We analyzed the data with multivariate ANOVA for repeated measures and correlation analyses as in experiment 1.
RESULTS
We found no significant age-related differences in SeRTs for either the QuickSIN (ONH subjects = 0.55 dB, YNH subjects = 0. In contrast, significant correlations were found between both QuickSIN and HINT SeRTs and CaST d scores: subjects with better consonant identification performance had lower SeRTs. This was reflected in negative correlations between QuickSIN SeRTs and CaST d scores for group A (r = 0.56, p < 0.001), group B (r = 0.59, p < 0.001), and group C (r = 0.56, p < 0.001) consonants and between HINT SeRTs and group A (r = 0.49, p < 0.005), group B (r = 0.42, p < 0.01), and group C (r = 0.38, p < 0.02) consonant d. Correlations between CaST d scores and SeRTs were also significant within the YNH and ONH subject groups when analyzed individually.
We performed further analyses of the effects of age on SeRTs after factoring out the contributions of LPTA, HPTA, and group A and group B consonant identification performance. We excluded group C consonants because they cannot be identified at the SNRs used in SeRT testing. Significant age-effects were evident: increasing age was associated with better SeRTs on the QuickSIN (r = 0.50, p < 0.003) and HINT (r = 0.36, p < 0.02) than was predicted based on combined audiometric and CaST results.
DISCUSSION
Despite the presence of small but significant agerelated elevations in LPTA, HPTA, and CaST thresholds, experiment 2 failed to find significant age-related changes in SeRTs measured with either the QuickSIN or HINT. This result was particularly surprising because SeRTs showed strong correlations with consonant identification performance. Thus, ONH subjects with impaired consonant identification would be expected to show elevated SeRTs.
However, SeRTs are generally less sensitive to mild hearing loss than measures of consonant identification. In a previous study [16] , we found that a patient with mild sensorineural hearing loss (SNHL) showed mean CaST threshold elevations of 8.1 dB, while SeRTs were elevated by only 1.2 dB on the HINT and 1.8 dB in the QuickSIN. In the current experiment, the ONH subject group showed smaller consonant threshold elevations, 3.1 dB overall and only 1.4 dB for group A consonants. Because group A consonants contribute disproportionately to sentence comprehension at SNRs that characterize SeRTs, preserved group A consonant processing would assist sentence recognition in the ONH subject group.
Indeed, our results showed that the SeRTs of ONH subjects were better than those of YNH subjects after consonant identification performance and audiometric thresholds had been factored out. This result suggests that ONH subjects are better able than YNH subjects to compensate for reduced hearing acuity and reductions in consonant identification ability by relying more on information provided by vowels, intonation, word stress, and semantic cues. Vowel identification is well preserved in mild hearing loss [50] and largely unaffected by age [51] . In addition, ONH subjects are also as good as YNH subjects at extracting prosodic cues [52] and may be better at processing contextual cues than YNH subjects [1] . Our results suggest that ONH subjects are better than YNH subjects at extracting context from the sentences materials used in the QuickSIN and HINT. This may reflect a generalized age-related improvement in contextual processing [53] [54] . It is also possible that the sentences used in the QuickSIN and HINT, which were created in 1969 (QuickSIN) and the mid-1970s (HINT), provide better contextual cues for ONH subjects than YNH subjects.
GENERAL DISCUSSION
Our results suggest that impairments in speech comprehension in ONH subjects are most clearly found in consonant identification tasks, which reveal both agerelated changes related to increases in audiometric thresholds and age-related central impairments in phonological processing. We found strong correlations between the LPTAs and consonant-identification thresholds, with the largest correlations found with the HPTA and group C consonants. The correlation with the HPTA reflects the fact that group C consonants are primarily fricatives whose identification depends on information in the highfrequency spectrum. Nevertheless, significant age-related decrements in consonant identification are also seen in group B and group C consonants, even after factoring out audiometric contributions. This suggests that age-related consonant identification deficits reflect decrements in neuronal processing, consistent with age-related changes in physiological measures of auditory brainstem [55] and cortical responses [35] .
However, ONH subjects showed no age-related impairments in sentence comprehension in noise measured with either the QuickSIN or the HINT. This likely reflects the minimal age-related elevation in group A consonant thresholds and the fact that ONH subjects more effectively utilized nonconsonant phonological information as well as syntactic and semantic cues.
CONCLUSIONS
The results from ONH subjects also establish a point of reference for audiological rehabilitation studies of OHI subjects with SNHL. The goal of audiological rehabilitation of older subjects would be to achieve performance levels seen in ONH, not YNH, subjects. Fortunately, meaningful elevations in consonant identification thresholds are primarily restricted to a subset of group C consonants. Most ONH subjects have consonant identification thresholds for group A and group B consonants that fall within the range seen in the YNH population. Importantly, these results suggest that if audiological rehabilitation restored consonant identification in OHI subjects to the level of ONH subjects, OHI subjects would understand sentences in noise as well as YNH subjects.
